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The‘followingtmzlslationwas made by the kris Off@ t)f the
Natimal AdvisoryCoimitteefor Ae&ohaut~d$in ~~ew of the general~tit-
erestthathas been ev$denoedi= connectionwiih immrou8 enginetesh
Cozlduotedfor the NationalAdvisory(kmmitteefor Aeronautics in the
AltittieChanberof theB~eau of Standards, the resultsof whiohhave
appearedM the Ccmit tee’sreports.

With a view to %nvest$gat%ngthe powerdeoreaaeof a 260 H.P.
Deitiesengineat altitudes,and the behaviorof that enginewhen
freshair is induoted,testsw~e made at tlm high altitudetestbench
(vacuunchamber)a-tFriedrichehafenfrom November,191?, to 3’ebruszy,
1918. The lastfew testswere specSallyiutendedto dec%dewhat in-
cr~aseof powerm% be gained and wha% conditionsef work are realized
when freshair is suppliedto the enginethrougha blower. The pres-
ent authorfirstmade the proposalin January,1917, thatnormalair-
oraftshouldbe equippedwitha centrifugalblowerfer thatpwpose
and that it shotideither be directlycoupledor - especiallyin the
ease of giantairplaneswith several?mgiaee- be workedby th&main
shaftor by a apecial engina.

The vaown chanber,whioh enabled the above-mentionedteststo be
made on the grouudunder conditionsaoneiderablyUke those a% a csr-
tain altitude, was lent for thepurposeby the ZeppelinAi~craftWorks
at Priedrichshafen.The idmilding of the engineand the entireprep-
arations and ineasur%nggear were taken aare of Qy the Ezperiment~De-
partmentof the ZeppelinWorks,under the d~rectionof Engineer Leit-
mann,whose invaluablesupportand oollaborat%onare herebygratefully
acknowledged.The enginewas furnishedby theRea E@~n$ Depot

.
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&t Doberitz. The idea of supplySng freshair By externalpessure, or bY
mesas of & blower ~ originated with the present writer, as also the alter-
ations enttiledtin oonseqwnaoe, *= the eagias ti in the fue3 sqpply.
The oentrifugd blowerwas oae of thoseSntsndedto be m-tedj by WSY Or
e~r5ment, ia the 1000 H.P. giantairerdt. It was oonatsuobed b ~row4
Boveri& Oo.,ta closecollaborationwSth themiter.

1. THE VACUUM CH4MBEEt●

TM vaouunchamber,of theZeppelinIMrigiblemrkeat IWedrichshsfsn
$S CO~tZWCted f- the~pOk9 Of +rti~ti~ ~ en@les &@d rE4diG
equi~aik with regard to theirsuitability fs high aZt3ties, and ~SQ
for inwest~gatingthe a@ptAbility of the wew ia thatreapsot.

.
It coneiets of a ferm-conCrets buihMng with a ground area of 8.5

by 4 sq.m.,3.4 m. at its highestpitoh. A vamum h oreatedin the ekn-
ber by an ENCKWS posttiveblwer drivenby eZaotriepower. The pressures
are obtained by means of two autunatlo m@aMng vahes which are 8ub8s-
qumtly replaoedby en ordiwy e%~va3ve. The erhauetgasesare t~n
off througha oapasiouspassage~where theyare oooledby runningwater
and exhaustedby tiepositivebhwr. The test dhambesccfanm%catesfith
the exhaus* p36si3geby aall, @j uatAQe or$fii3e6,so that there26 agti
pressurein beth. me engirn-poweris meammd ?W a wate%-brake,*he fuel
oomunption by a odibrsted EISSSUWJS reeipient. Waen the power is fura-
ihd I)Yeutsideti~ d blowers,tti f@ iS Weighed. The nUObSTOf re-
olutiopsis reoorikdby an ordimry airorafttaolxmeter,and $te work NJ
repeatedlyoheokedby a hand-taohcmeter.The temperate of the oooMng
water is ra@a$ed by the addition of freshwa%er. I?i3eeXhaustpipes,and
afterwardsthe under-sideof the oraxxk~asewereoouZe& by mesas ef water
sluicingta enabled~atiOA testste be made. *e cooling water fm en-
gine and brakeis likewiseraved V mesas of a poa%tlw blowerdr%venby

● electricity.

=e Ohamberis providedwith doubledoorsand a s~uioe,thus sQPpZyiug
a means of exitwhen vaouun prevailsIn it. A diaZ telegraghservesas iL
means of ocanunimti on fzcm the insideof the ohsmberto the outside. As
the centrifugalblowermust be installedotatsMethe vaoum dmmber, orders
are passed on by flash signals,

When a 260 E.P. engineis workingand takingin ite fresh air frm the
&amber, about340 sm. merc~y absolute,uorrespoad~ to M al%itudeof
abont6500m., may be maintained. If the who~e@f the fresh sir fos the
enginebe parmitted to fkv in fsuu the outside,about450 zmn,mercwy ab-
so2uteonly (about4500m.) can be attaSned. When tes+sweremade an ex-
trsme3ymarefied alr, the workerswore ~gazt masks,aai a laxgeflask of
oxygenis a~w~s kept in the ohamber,near the f%re grenades, for use in
oas~ of emergeaacy.

It may here be mentionedthat’the ohsmbsa’,*U its presentcondition,
● ie the resultof long and ooetlyexperiments. Ctbmideringthatitiwould

soarcelybe wo?th whilefor the * ority of aviation enghe manufacturers
to sonatruotaltitudebenehes o~ theirown, thoughfuture needs wU1 make&

.—
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it urgentlyadvisableto investigateengines with regardto
qpir=nts, the ZeppeZinDirigibleWorkshave offered’their
sad itsmeasuringinetallatien,for r-t fcw such purposes..

II. T3E ENGINEAT DECREASIN3A!MMPHQRXQ”m% ●

altitudere-
vaoum chamber

.

The D. IVa engine,No.29609,was mountedon the test-benchfor inves-
tigation,withoutany s3terations.For the f3rst seriesof Weriments,
fresh air was taken in frcm the experimenttichamb@tand iti-ted thsou@
the air-passageof the orankoasei
lightgasolie, -0708 ~d=~ ~Ma~d ‘=* The exx ran W*gY-* . The time of consumptionfor
every3 dec. was registeredby a stop-watoh,thepessuBe in the chamb=
by two dirigiblebaraneters.Whenevera variat$onin pressucewas oau$sd

. by the open- or olosiagof theregulatingpress~e valvesin the chsm-
ber, normalregime conditionswere set up @ eachr~iag was r@eate&
several times. The powerswerefixed for 1450aud 1550 r.p+- altemativeky.

The restitsof thes8testsare ceUeQtivelygivenin I!able1. The
esmev~ues, in termsof a3tit@e, are showsin Fig. 1 (mea8ur0dou *
dirigiblebaruneter),~ ia Fig. 2 h term of atmesphesicpressure
(Curve1}.

.

Thereis a strikingdeoreaseof POWS at high altitudea. The tests
we=e conseq%’ntly* underalteredconditions.The freshair -s afxxa
takenfscxu the experimental chamber,but it was no longeriuiuotedto the
=ankoasa by thepassage,beingdirectly$qjectedinte the carburetor.
Table2, and theplottingef cwrve2, Figs.~ and 2, show that theQOWSr8
resultingan thisocoasion were mnsiderablyhigher and the Gonstmptioa
h~er, awl the expklatioa gf thisremetbe smlghtfar in the cliff820n%tem-
peraturesof the induoted“air. The t.eaperat~eof the air d~eetly in
frent of the carburetorwas not, unfortunately, measured.at the first test, “
but we may safely assunetha%the air is heatedto saneextentby pasaing
the hot Orankoase;themore the atmospherespress~e decreases,and the
mass of air in ccmsqwnce, themoae heated does the air beoane. As the
Crankoasewas cooledby the‘intakeair alone,duringthe firsttests,it
be- hotterand hottesin proportionto thedurationof the testand
the decreaseof atmosphere pressure, d thisagainimreasecitheheatiz
of the air
the air of
tests: it
seoond.

E It
conditions

still more. Thereme
the ohambesfrm WMOIJ
am-ted te 16° to 20°

weze necessary to draw

alma & iiifftireiioel 323the tempex%ittwoof-
the engtneinduoted atr for theotwo
a$ thefirst testand 12° to 14 at the

a Conokaeienfsan thesetesta as regards.
duringflight,the effectof t~atura on the poweror &ar&

UW Coefficient wouZdhave to be knQwn,as ~so the ehemi~ and thermal-
eff%ciezioyof the engines. Up *O the present time,It was generallyOOn-
sidersdthat thepowermight be set down in terms proportionalto the tem-
perature of the outer air. This supp~stti~ is suffiai~tlyaoourateso
longas the clifferenoesin questi~ are slight,but if the air beoanes

. strmgly heate&on tlM way to the intakeVSIVS,it Ss ofly the temperate
in front bf theintakevalvethat osn be takenae a standard. The depend-
ency of *hepoweron the tanp~ature of the outertit, as resultingfran a.

. .
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nuaberof late testswith the D Iva engine,is shownin Mg. 3, which
thusgivesan approxhate ideaof thepower curvesat differenttempsra-
tures with ingreaeingatmosphericpressure.

The outsidetemperaturesare heremarkedbeside the testpoints,
and the nunherof the test is also stated,in bracbts. Althoughthe
valuesfor highersad Iowa” tempera-es are distinctlydifferent,these
testsby no means suff%cefor the estab15stientof a perfectlyfaultless
standard,owingto the fact thatothervariablefactom enter into ac-
count h the above-namedcanbinationof testvalues,and that theirinfl-
ence on the enginepowerhas not yet been explainedand cannot,in conse-
quence,be suppressed.Thesefactorsewe, aboveall, the increaseof
temperatureof theair, whichvarieswith the demity of theair and the
temperatureof the coolingwaterand affectsthe eff%c%-q of t~ c=- .
buretor;end also the effectof dif fersncesbetweenthe intakeand ex-
haustback-pressure..

●

Fig . 3 givespositiveproof,howevez,of thefact that the engine
stillfuncticuasperfectlywith an air tanperat&e of O in front of the
carburetor,and thatit attainsitshighestpowexwith very slightlyin-
creasedfml aonsuqption,(seeTable3). Consideringthatthe air is
cooledfrcnn20° to 25° - accordirg to the riohnessof gasolinein themix-
ture- throughthe.evaporationof the gasoliae,it must be assunedthat
the carburetorheating,thewarmthof the burntgasesremaizxingin the
cylinder,the canpressionand thehot walls of the o~lindersad valve
sufficeto evaporatethe fW31. We must hers observethat the intakepipes
were thicklycoveredwith ice duringthe tests,althoughthe tenperatae
of the surrotiingair was +10° or more. In the airplane,the air was
alwaysinducted throughthe engineoaaingand was thuswarmedagain. ~
thismeans, the air shouldseldomreach the carburetor colderthanin the
testsin question,even in the caseof thelowesttemperatures,while the.
formationof themixtwe and the burningshouldbe fa~tless with suf-
ficientcarburetorheating.

.

Althoughtheremay be Mttle differencebetweenthe conditionsfor
actualairplanesand for tests,it a~ea!s to be desirablethata mea
power curveehouldbe plottedfor variousflyingaltitudes,in proportion
to the absolutetemperature,Curve3, Fig. 1. It,was assuned,inothis
case,that the air in the crankcasepassagehad been heatedto 20 . The
mean annualt~pera$uresgiven by the WagnerMeteorologicalTablesfor
correspondinga3titudeswere takenas the temperaturesof the air.

In establishingenginepow= for a givenaltitude,considerationmust“’
be given to thefact that eudbengim power is practicallydependenton
the atmosphericpressure, which mey, however,vary greatlyat a givenal-
titude in the course of s yesr. More accuratevaluesmay thereforebe
deducedfrom thepower curve if the powersbe =greesed %n termsof at-
mosphericpressure, and the temperatme and atmosphericpressure,at the
altitudesin question,be calculatedat a given time. Fig. 2 chowsthe
~owersiu termsof pressure, and Fig. 4 representstests1 and 2 with the
Daimlerengine, the numberof the testsbeingalso set down. The upper
curvesare thoseof the samepowerscalculatedat 760 mm. barometricpres-

. -.
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8~0 _ 15° aa inductiontemperature,acoordingto the men-known formula:

.

U the englw power wee merely proportional to
is, to the pressure ani absolutetemperatureof the
abovecurveswouldresultin horizontals.!M rapid

thepressure,that
outsideair, the
deolineof the ourves

as cmpsred to the straightMnes, providesa s&iard for the ‘altitude
charactersticsmof the engine. M the testsin question,thisrapid
decltneis due to the heatingof the intakeair. The hotterthe crazk-
Oasebecomes,and the lower thepressure,thegreateris the influence
on theeffIc%enoyof the engine.

.
The inadecpateworkingof the car~~R@r i.sa&her fador, .though

influencingit in a secondaryd6&ee. It has been&eviously stated*
that the s~ply of fuel ia the carburetordiminishes18ss,with inoreased
Sltitude,than the wei@t of air takenin with everystrokeof the pl?O-
mller. The resultis an over-richmix-e, in whicha largeproFor-
tiorlof the f~l leavesthe oylinderin an mused stateand is Oone-d
outsideas exhaustflame. The thermalefficiencyof the circtiationis
therebyconsiderablylowered, as ~ be seenfrcm the iwreased we oific
fuel oonsuqption represented in Tables1 and 2. bprovem~t in t~s re-
spectmight be obtained by theuse of a carburetorthat couldbe regu-
latedby means of an automaticor haxi-workednoszle-spray,accord- ~o
the weightof itietair.

Decrease of enginepower is furtheritiluenoedby medhanioaleffic-
iency. When the nunberof revolutions ranains constant,tie 1ightrunning
work af the enginesoa~oelydiminishesat all, exoeptfor Zts bei% less-
enedby the decreaseof workingpressure,althoughits proportionto the
brakepowerincreaseswith altitude.

The futurealonecan show to what extentthe altitudepower of the
normalDaimlerenginemay be improvedby othercarburetors,or how closely
suchdecreasewouldapproaoha proportional decreaseof pxisure.

By ww of comparison,thepower curves of theMs@ach Mb IVa and Mb
H S Lu engineswith 1450 r.p.m.are plottedin termsof altituiein Fig.5,
on the basisof measurementspreviouslytakenat the ZeppelinWorks. In
rig. 2, the valuesare also inscribedin Ourves3 and 4. In Fig. 5,
Curves1 to 3 relateto theMb IVa engine,as feUows: tives 1 with light
gasolinepower ( ~ = 0.708),Curves2 workingwith heavy gasoline (~ ~. 7~) ~
and Curves 3 to benzolpower,in whichcase the carburetormightreauincom
Stantlyopen. Curves4 refer to theMb H S In enginewith lightgaaoliY18
power. In Iklg.2, Curve3 relatesto theMb IVa engine,a- c~~e 4 to t~
Mb H S Lu engine.

*
. !lTec~SOIISBerichte~H Vol. II,No. 1; Whe Decreaseof“EnginePowerwith

Altitude,h by K C. Bader .
. .



-6-

111. THE ENGINEWITH DECREASIIW OUTSIDETEMPERATURE@ CONSTANT
HIESSURE m I!RONTOF THE CARBUSEKEl,

These testsconstitutea ssriespreparatoryto the working o? the ---
enginewith compressors.Freshair was inductedto the oarburet.~by out-
sidepipinginsteadof beingadmittedthrougha blower. The air.-~essare
was thereforeconstant,while thepessure in the experimentalchamber
@ the exhaust.ba& pressure ware capable of being regtiated. The fuel
tankani the flost chamberwere connected.with the air passageof the Car-
buretorby a pipe about6 m. in diameter. A receptaclecoatahiag about
1/2 literwas attached to the overflowpipe of the float,and fittedwith
a pet cock throughwhich the overf1ow gasolinewas drawn off. A cowl
that can be screwedand unscrewedwas fittedon the outletof thefloat
needle,and ths valve spindleof themixingthrottlewas made tautby
me-s of a leatherwasher. Z!heair is admitteddirectlyvnderthe carbu-
retorin orderto avoidits”being heatedby the crexkcase. The air pas- .
sageis not taut,however,as it ccqnunicateswith the in~.i= of the
crankcasethroughthe oil vapor”exhaustperts. Air cool~ngbeing impos-
sibleon accountof limiteds~ce, ;Vaterwas sprayedinto the air passage
to cool the cankcase.

Thesepreparationswere so adjustedPracticallythat the engineworked
satisfactorilyfrcm the ccammncemerhof the testsonwards. When there
was depressionin the chemb~ , fresha5r couldbe let in, and thepres-
suregraduallyraisedin frontof the earGbure@, by means of a valve
locatedin the air passageleading to the carburetor.The ~ne showed
no disturbancewith abr@ increaseof pressure,nor with gradualincrease,
suchchangebeingmerkedonlyby en increase ia the nunber of revolutions;
that is, by increasedpower. The mean pressurein frontof the carbureta
was about720 m. (Jl%iedrichshafenis situatedat an altttuie of about
400 m., mean baranetricpre$s~me730 m. ) :2# HP was the ~imara brake
powerattained at an altitudeof 4000m. (seeTable3). Themain object
of thistestwas thatof investigatingthe behavforof the engineand
of thetuel sqppl.ywith super-pressure .

IV. ENGIIUWWH BLOWER.

A turbo-ccqressorwas attachedto the outletairpipe. A detailedde-
scriptionof thiscompressorwill be given later on. Xt was drivenby a
D lX-engine,120 HP, and it cuapressed5200 kg. per hour with a totalcom-
pression ratioof 1.75, correspondingto the quantityof air reqzired
by four 260 HP engineswith a maximrmof 1600 r.p.m., and by the tWbo-
engine. The compressionrati~oof 1.75 shotidbe effectedas soonas the
airplane has reachedan altitudeof 4500 to 4800m. aud when the compress-
ion b front of the carburetoramountsto 1° constantabsolutetemperature,
Only one enginebeingattachedat the tests,and the blowerbeiq located
outsidethe vacua chmber, the ccmpressionratiowas obtainedby ttiottles
in the intakeIipes.

In thesetests,too, theworkingwas faul.tlessfrom thebeginningso
fsr as the combinedworkingof engineand blowerwere concerned. The re-
sultsof the tests(seeTables4 and 5) and any statementof conclusions
wereput offfor the timebeing,=til a clearunderstandingcouldbe ar-

——-
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The power of an enginemay be influencedin so
is extremelydifficulttO distinguishsiwle
the effectof the mj.xinRtemperature,heat of

the cooling water, etc., the effect of the differe&e be%ween tbe intske
~d OXhawt backpreseuremust ~SG be -n into account. During the
cqession of the blower,the engine functions in this oaee ae a ccmpress- ‘
ed air eng~a d the ~~pressio~ mrk of the bl~r is regained, the
exhaust back prese~e &itisMng fith ~tit~e, so &at the ueefti dia-
pm $urfaoe is notably enlarged. At the e-e time, the exhaust baok
~essure is proportionallyIessened. T& cylindetiefficiencyis ~romd~
and a sort of sr~ve~~ ts ob~in~ w~n the op@~s of the exhaust
and inletvalvescoincide.

.

All theseoonditiona must ngoessarilybringabout the tnereaseof
enginepowerwith altzitude.

An investigationwas made of themannerin which theDaimler,“ertgine
workswhen ~-ged with freshais, of ite overload capaoity, and also
Gf the possibility of fi~i~g s~e ~~bstit~tefor ~e adjustablebladed
propelleria the constantpowerengine.

!t’hewriter has proposed thatpropellers specially conetxucWd for
mean altitudes and for the atioepheric conditionsand flyingspeeds
thSreiaprevailingshuld be used insteadof am ustablebladed propellers.
Larger pitoh, and also, when it is possibls, larger diameter, is thus
obtainedfor thepropellersthanin the ease of ordinarypopellers with
similar power. It is a knownfaot,however,that thepowerabsorbedby
thepropellervaries with the third power of the nunber of revolutions,while
thepower of the enginavaries,in the proximityof themaximun,with the
firstpower of the nmber of revolutions.

In order to obtain constxt ~wer fr~ a propeller in the region of O
to 6000 m. altit~e, the ~~ of r~vol~ti~ of the e~ing must there-
fore be alter~ from aboutI@ bel~ the aver-e to 10# above it. TO O&
%i13 total power fr~ the eng im with this ~fi~ed z’nnberof revolu-
tions, the blm~ m~t ~~p~~ ~~r press~e, @ a greater mixed charge
must be injected through the blower.

Fig, 6 shows the course of curves of power, torqye and oonsunptionof
the Daimler260 HP qine for wee cliff~~t admissiontemperatures,pres-
sures b, and exhaus%baok-pressurespa in frontof the carburetor.
The valuesof CurvesI are as follows: b = ~0 mm. merm.uy,pa = 736 ~.
mercury,t _ 40° C; Curves2: b = 760 mm. mercury,p = 736mm. mercury,
t - 30°; and Curves3: b = 720 xn. meroury, pa = 72~ mn. mercury, t S 8°.
This shows that low compression stifices to produceconsiderableincrease
of power,so thatincreasedtorque oan be realizedwithoutdifficulty,
with the reduoednumberof revolutions.Th~e were no cases of breakdom,
even with frequently repeated overloading, nor were there any eparking

es observad, as in the case of super-caupressedengines. The
$;% ~=engine was eome~t hard with powersof 300 to 320 HP, but
therewas no disturbanceevenwith a dUratiOAtest of half an hour.

Its capacityfor overloadingis of specialadvmtage at startingin

*
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the case of heavily loaded aircraft Or when th~re is a short starting run.
The duration of overloading is a short one in both cases, and no danger ~
is incurred,in conseqwnce,by theengine.

The questionof temperate is particukrly importantwhen working
with Compresses, The compression and internallosses(frictionand
leakagesin the blower) a-e mostly converted into heat, so that the air
iS consequently more “orless heated in proportio~to the ccmpressioa
ratio. If fresh air is supplzed tlx~ougha blowgr driwn segara~ely, the
pressure correspoting to the alti~e of the t~e being must be ~oduced
by altering by ~~ tie n~ber of r~~~l~ti~ns of the blowing engine.
The highest ocmpression ratio is then required at the highest altitUi8,
aid generally when the temperature of the air is lowest. The tsmperatue
of the air in front of the carburetor thus remains within auoeptable
limits. Tnis is not the case for canpressors cmz.ledto themain engine
or to the central gear, be~l~e the ~pressor aJwqys revolves at the
samehultiple of thenunbezof revohdi mm of the engine. The pressures
prOducsd are thereforetoo Mgh for the Igwer flying altitudes,@ must
consequently be throttled. As the highest temperatw-es generallyprevail
at theselow altitudes,the mupressed air reaohesthe air 5n a s*ong~Y
overheatedconditiona% low alt~tmies. It may be necessa?y,in S*
cases,to insert air-coolers between the ocqressor and the engim. we
gain in powerresultingfrom suchcoolingmay be considerable,as -s bee=
seenfrom tests. Less streswis alsoput upon the cylMder, when better
cylitierChargingis effedtedby cooling~thanby ticreaseof pressure.

S-Y. Reportsof testsof a DaimlerIVa engine,atthe test-benchat
=chshsfen, showthat the decreaseof power of thatengine, at hi@
altitules,was established.,sad that themarmsrof its workingwhen aiF
is suppliedat a certainpressurewas explained.~ese test=were Pep~-
atoryto the installationof ccqmessors in giantairmaft for theW-
pose of maintainingconstantpowerat high altitudes.

.

SUPJ?UMENTMY NOTE. While the abovereportwas in the Press, the Zeppelin
Worksmade furthertestswith regardto the dependenceof enginepower
On the temperatureof the air, at clifferentpressures in front of the
Oarburetor, and valuablefigmes were thereby obtained.The resultsare
collectivelysta%d in Table6, (testsNOS MO to 158). In Fig. 7,
thosevaluesare g~venwith thoseof e~~liertests. The nuabersinscribed
in the figurereferto the rnxnberof the test: Ourve1 to ?30, Curve2
to 760, amd ~ve 3 to 777 =. mer~y absolu~ in front of the carburetor,.
In all three cases, the exhaust back pressure amounted to ?30 Irm,Liner-
Cury. Straightline4 show$what”the curveof powerwouldbe if it de-
Creasedin proportion to the increase of temperature.

Since that time, the first flyingtestshave tiso beenmade with a gt-
&lltairplaneof the Staakentype,with four D IVa engines, equippedwi& a
ocqressor. The airplaneattainedalmost 6b(X)in.on that oc~sion, as Conk
pared to its previous maxima altitude of less than.@OOm.
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TABLE 1,

,* : Temp. : Fuel consumption.
Teats ~A&j:T ~Be#I~-;

:
R&om ‘“; :Brake; Brake: era- :“

:
, Air

:tempera-: n :4 1..2--*G3 ; ;
.

; load: H.P,:ture :
: ; read-: tul% : : : :Of: .

● : : Density.
ing. :

.
: .: : . :’aoo2.ed: ,. :

.: *. : : . watez: :
:R.P,M. j : ; :

: :
: : mm,

No, : m. : Q.-S. j ‘C!”

. .

: min. : ,kg. : HP : ‘C, :consumed in;kg/ht.;g/HP/hr, ; lsg/m3

9
10

u

L
12

: 400 : ~;:
:1000 :
:1000 : 672 “

,.
:
:

,
,.
●
✎

✚

:
:
:
:
:

:
:
:

16
1.7.2
17.2

16,5
19
17, $
19,5
20

.

:
:
:
:

.
:
;
:
:
:

:
,.
:
:
:

1450
1450
1450

Y:4 :
1450
1550
1 50
?1 50
1 50
$1 50

t
1 50
1 50
1 50
t1 50

1550

66

61
56

:2157”
:
:p15911
:3!1o11

t
:3fI .611’
:3’2 ,2H
;3112.611
.
:3:3”

; I ;:gn;6
:3’36”
:3’ 6.6~

2:31 5.611
:
●
✎

.
,.

..
;
.
..
:
:
:

:
: .
:
:
.: .

231

555

,.
:
:
:
*

:
:
:
:
.
:
:
..
:
:
..

0,639
0.57a

0*577
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TABLE 11.

D IV=MWME;.. FRESH AIR DIRECTLY INJECTED INTO THE CARBURETOR,

I Vacuum olxnber : Carburetor. : : ,: :
Teste .~- .-..,—: jl?uel coqsuruption. j Air

:Alti-:Barorj-: Room:Dj.ffer-~ . . ,-~Te~-~ “ ~Brake~J&ake~ Temp-: : :densi-
:tude :

:
eter :Tem’p-: ence :#Jx3. : era-: : load: H.P.: era- : 4. : : ty,

:read- : eza-: of :pres-:ture : n : :
: ing :ture : pres- : gur13;

: ture : : : :
: ; ●: : , of : : :
: : : sure :

.
: : : .:cooled: *: :

.
,

: .. : . , ● .. . : . : water: T 1,: : ;

: 14 .- : 730 : 14

: 13 : .- : 602 : 14

.. : ;to:
* * * -,
. :

*

,
:

:x,p.m~ kg, ; H.P,; %.
. . :

:
No, ~ m. :

:

Q,~: : ‘C.
: Oc,

‘Q.%; ‘Q?$. ”
;/rein,: : : “ !0%%- ~kg/hr !@J/ ~kg/m3

.

140 : 400 : 73(I
141 : 40C
1%
14 :2000 :

14
602

14
:1450

: Ooc
14 :4000 : 471

1450

.214 ;5(200 : 414
:1450
:14~o

147 ;53:: : y3g : 13 : -- :3~9 :13 :1450 :’~7::

.;% :?000 ; $; : ;$ : n ; g5 ; ;:
:1450 : 82 : 119 : ‘- :“ - -
:1450 ; 75 : 109 : 62 :31 2.511~36.E? ~ 337 :0.595

: 13

: 13
:
:

.-
--

: 471 : 14
: 414 : 13

60

?
6
a

;:: f“ :54.7
:55*7

:
:2’ 21H :
:2t42,8n:
:2’39.6”:
:21 53!1 :

:3’ 3#2~:

1,0
?4
45:;
41,6
39*3

; 211 :1.$8
: 215 :1,18

:0,972
~ 236

: :;:
: 299
: 312



<. . . -.
. . . .

-n-

TAELE 111.

,’JWVU ENGINE AT IIEOREASING ATMOSP~IC PRESSURE AND VARIOUS PRESSURES

BEFORE THE CARBURETOR.

~ Vacuum chanher j Carburetor, j j : : Fuel consumption, :

:Alti-:Barom-: Room: Differ-: ~BrakejBrakel Temp-~
:

:Tern-p-;
Tests:tude : etez :temp-: ence B ‘b?+:

. : : Air
-: : load: H,P, : e~a- : : :denai-

. : read-:era- : of ;pres-;tg~ ; n : : : ture : . : : ty ,
: ing :ture

.
: prea- :sure : : : : of : ,. :

: : : : surQ. : : : : : ;oooled; : : :
: : : : : : : : : : water; :
: : :to: .: . : : !

b.,

.

mm, : : m, ; ‘o ‘C, :consum-:
No, ; m.

; g/HP/:
iQ,-S. : ‘C, : Q!% :12),.-S.: C, i~&y\ kgi ; H.P.; : ed in :kg/hx; hr, :kg/m3

: 400
:1500
:1500

:1450
:1450
:W&

:M&

:1450
:1450
:1450
:l~o

: 400 : 730:10:-6 :724 : t3.2 :3’ 5“ :58,4 : 237 :1,19523 :169 :2M: 51

: 400
:2000
:2000
:1900

.: . : :1.194
: : : :
: : ; :1,012
: : : :1,195

“11L : 250 :
:1 “ 212 :
: 151 : 220 :
: 177 : 256 :

:2600
: 400
: 400
:1650
:1720
:1720
;3000
:3000

:3960

: : :o,89~
: :1,195
:3’ 5,4’’!58,4 !
:31 2211 ‘:53,5 : :; :i::?~
: : . :1.029
; : :1.1[
: :. : :0.a
. , ,. . . :1,192

:
:1450
:1450
:1450
:1450
:1480
:1450
:1450

. ,

: 171 : 248 :
:176:25:

2:156:22:
: M2 : 265 :
: 17L3 : 260 :

49

69
27
26
4
42 ~ 61$ :.

: q~o :
: 530 :

%3
6/329

47 2
2

3

61

: 132 : 191 :
: 177 : 258 :

:145030 u : ‘~3”=’:V66 :n : 113 : 165 : : : : :0.769
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TABLE 111 (Contd, )

D IVEL ENGINE: AT DECREASING ATMOSPHERIC PRESSURX AND VARIOUS PRESSURES
BEFORE THE CARBURETOR,.—. .

1 Vaauum chaubar ~ (Wrburetbr, 1 ~ : :
. ~ Fuel consumption. ~

:Alti-:Barorn-: Room:Differ-: Ab~T~~ ~Brake~Brake!Temp- : : Air
Tests:tude : eter : tern-: ence : - -

:
: era-: : load; H,P.: era- : ~ : :dend.ty

.. : read-:pera-: of :pres-:ture : n :

.
: :ture : : :

ing :ture : pres. :sue :
:

. : : : : :Of: : : :
: : : :sure: : : : : oooled : : : :
: : : : : : : :water :

● 31. : : :.
:’: ‘to:. ,

~ ‘C. ~r,p,m~
:

mm. ;
: .

:
;..OC.

mm., . : ‘C: .:consum-:
No, : m. iQ,% .,. ,.:(+-s. :Q.-s, : :/rein.: kg, ; H.P.:

:g/HP/;
: ed in :kg/hr: hr. :kg/m3

.
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! TABLE IV,

f) IV$XENGINE wITH BLOWMt .

‘ XWwlx : g!ggge$g-, ””;i ; ; ; “~Fuel coneumption~ Blower ~

Tests: :Baro~-~I)if- ‘~ F“:-: ; : : : :
: ~bs.,’:Tern-:

.
~Pres&m3 :Air

:Alti-:etex :fer- .
,

:Brake:B2ake: Ternp-: ● . , :dens-
:tud~ :read- :ence :pres-: e~a-: : lwid! H,2.: era-:

, , .. at
* # , :ity,

,.* : ing : of !sure :tuxe : n : : :ture ; 2kg.::;,:’”,~
,: . :pTes-: : : : :

* .*
; of ~ :consum-: : :

# :E3uxe: ; : : : :Cool-: ed in : : : , In-: ~is-”j
, * ., * . , . . :ed: . :$ake:c$arg~. . . . , ,
* , ● :& ~:~ube: tube:, . . .. . . :Watez :
, ; mm.. : Irql,: mm. : ;rpm/: ; ~’kg/:hpl: r~m/: mm. : W, :k~/

No, ;
d

; Oc,” ;,rn,:Q,,-9. :Q.-S. :Q,-S,: ‘C. : rein: ?@ : H.P,; :hx, ; hr.:min.:Q,-S:Q:43,: m3

28
67
6$
69
70
71
72

a.
I :72S:--S :724:+9 :1450:176:2” ( ; ; : :

vi ?: 6ook5~ +Io h
2

: : 729 ;-+5 :734 :+26.5:1450:1s2 : 2 ; : : :., : 729 ; $0 :725 :+ g
2

;1450: 177.:27: : : :
?

: 980:-145:+ 6 ;1,088.* : 729 : -.2 : 727 :+ 1,5:14-50;169 : 2 5 : . : : : :160:-255:+ 4 :1,015
: : 729 ; ~0 : 729 :+74,5:1450:x65 :’239: : : : i:1 ~0:-275:+ 4 :0,975.. : 725 : =12 : 717 :-I-4 L1450:17-p:zl: ; ; ; :.* : 725 :+U :741 :+11,5!1450:1s#
● : 729 :+2zJ: 75 ;+12 :1.450;M39 s 275 ; : ,*. *

‘ 721 :’74 ; ;:! :;y;~~;:’ ;~~ ; ;;g : “: ! ! i“:400:72 ,-
: 400 : 724 ;+16 ;740 :+11 :1450;I_tn”: 264 ; ‘; ; i ;
: 400 : 722 ;+42 : 764 :+16,5:1450:192 : 27~ : : : : :
: 400 : 722 : +14 :7 6 :+11 :1450; 182 : 264 : : : : :
:1000 J?: 670 :+72 : 7 2 :+12 :1450:1s9 : 274 :
: 400 : 736 :+28 :764 ;+17 :145o:192 : 27 : 44 11156,2~i62‘:222:
:100Q : $3; ; +77 : i$~~ ::2~.5:;;~o;I& ~ 28 : 4 :1’53,6’’:63.3:223:
“:1000 ! :+92::

i.
: 277 : 4$ :1’53.11:6,5:229:

:1000: 683 ~)?:4105:7&f :+$ :1450:I.~~: 2771: 0 :1152,11:6:
683 i4

;2-1:
:1000: : +~o :763 :+56.5:1450:176 : 255 z :65 i:25:
: 400 : 735 : +2g : 763 :+27 :1450:192 : f~&’’gII:605-217:272: ;? ,1,50;,,649:237: 400 : 730 : i-32: 762 :+21 :1450:1$9 : 27 ,. .

. :1.20
b*. :+16 :1,2I.
:
●
✎ ✚ :(?$:M?g
● .
● . :1,22
, .. b :1,21
● ,, , :1,23
, .. . :1.205

..: . :1*21
:.-
?

:+30 :1,22,
‘- o :+ o :1,1s,

2!-100:+ 5 :J,l5
i:-150:+60 :1.,1

:~200:+ 30 :11075
:-M :+20?:1,18
., ---: -- :1,205
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TABLE IV (Rontd. ) .

D “,~ ~N=’. \vI~ BLO~fi .

JJIX&l& . Before . : “
the :Fuel consumption: Blower

Tests: :Bar~m-;Dif - & ~ :Brake jBrake ~Temp-: : : : Pressure ~Air
:Alti-: eter :fer- : ;: :Temp-: : load: H.P.: era-: : : : : at :den-
:tude : read-:ence ;pres-: era-,: : : :ture : : : :In- :Die- :sity.:
: : ing : of :sure :ture : n : :Of: ;take:oharge: : : :
.. : :pres-: : .: : :0001-: : : :tube: tube :
: : :sure : . .: : ed :2 kg.: :

..
: :

.:.: .. ‘.: ;water: . : EJ :
: m. :“mm, :mm.: :rpm/~ ~ :consum-; kg/ :hp/:rpm/: mm. ! mm. ;kg$

No, : m. j Q.S. :Q, S.:Q,. S,: ‘C. : kin: kg. : Oc,: H.P,: : edin : hr.: hr: min:Q. S.:Q. S, : m

: 400
:1000

:1000
:1000
:1000
: 400
:2000
:20CX)
:2000
;3000
;3000
: 000
L: 00
;:~;:

:2000
: 000
?: 000
:1%

?:2 0:
:
2?:00
:4500

:

..
:

:
..
:
:
:
:
:
:
:
:
:
:
:
:
:

:
:
:

,,.
.

: +21 :1450:
:+29 :1450:

i
:+ 2.5:1450:
:+ 2 :1450:
Ag :1450:

:1450:
:+!2 :1450:

2
:+ 2 :1450:
:+ 2 :1450:
:+79 :1450:

:1450:
;+${ :1450:
:
:>,lr)o:1450:
:+76 :1450:
:+95 :1450:
:3LU)O:14 o::

:14 0:

:+5
?J

$$

:+ ::4$:
:+ :14 0:

: 25 :;$ ::

:%.05 :1450;

M7 , 47
M9 : ,% : 61
187 : 271 : 50
192 : 27t3 : 62
197 ; 2s6 : --
189 :274:2
y; ?:275:5

: 2g5 : 60
19

2
:2i3g:y

m : 267 : 51
185 : 26% : 53
191 : 277 : 53

:
16

i
;;g;50

19
190 :26:52
K@ : 2

:2
~~ b

: ~;
160 : 232 :
221: 0;6;

%;%:$3
155 : 225 : 5z3

:-~ : +32 :1.200

:-57 : +32 :1,165
:-60 : +32 :1,162
:-52 : + o :1.145

‘?:-52 : +-~~~”:$”
., --

:-; 0: +30 :1:13
:_ ?.0: +50 :1.12
:-140: +75 :1,12
:-205: +30 :1400
:-200: +50 :1,00
:-205: +7 :1,04

2:-260; -2 :
:-230: +5 :0.91
:-130: + 100:1,10
:-I o: +150:1,12

2:-2 0:’?100:1.02
:1.1 5

q~o; ;~ ;~,o:- i
:-2f5 :~105:1.22~
;-1 o:+

~~ z
:1.086

:-2 :-I-‘O :0,992
:-2 :+15 :o,m8
:-280: -56 :o*82g
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TABLE V.

T.et3t6;

:Qti

:tude
:

:

:
..

No. ~ m.

“101 :400
102 : 400

:3: ME
10

2
: 400

10 :400
1U7 : 400
108 : 400
109 : 400

110 ; 400
111 : 400
112 : 400
11

$
: 400
: 400

::5 : 400

:Barom- :Dif-
-: eter :fer-
: read-: ence
: ing : of
.. :pres-
: :sure
. ,:
; mm. : mm,
.(J.-S. :C1.-$.

: 736 : +96
:736 :+96
: 736 :+94
: 736 ; +96

: 7$
: 736 ;;?;

:Work-:
: ing :
:pres-:
:swce :
. :
: :
: :
:Inm,:

L!k&

:7
T
-x;

:72:
:770 :
: 769 :
: 762 :
: 762 :
: 761 :

: 832 :
:G32:
: 630 :
:.3:

7:gg:
: 6W :

: :
:Brake ~Brake

Temp-~ n : load: H,P,
era-: :
tire. : : ~

: : :
.. :
: *.: .

0(’j,
:rpl!y:
: tin: kg, : H.F’.

+22 :1&5fi: ~g7 : 271
+2

2
:1550: 182 : 281

?
:1.50: 1g6 : 2s9

;g6 :1,50: 191 : 277
+25 :1350: 192 : 25g
+25 :1350: 192 : z

??
‘2~ ;~f~: ~z? i :27+2

+23 :1050: 195 : 205

+42 :1450: 206 :299
+42 :1350: 207 : 27
+~ :12,5G: 211 : 26i
+Y3 :1150: 214 : 246
+ 6 :1050: 210 : 221
.?+ o :1550: 2.0> : 315

:
: Temp.
: era-
:ture
: of
:cool-
: ed
:water

2-L

: : ::
: : : :d$: jMes.n:
: ; : Air :$2: ~workO

: : : :d0ii6&!$~: ~w :ing
:pree-: ity :~~: “g~ ~s~e: : .

: : : :t-lti:hfl
:2 kg.!:: .ldo:oo :

: Con- : :s/: :Dm:ps :
: sumed jk~ :HP,: : :
~ in. ,: hr:kK/m3:H.Pjcm/kg: at

b ~ 760 mm Q.-S-. .:+”.-
“1’59 2“”60.7:223:1.192.:272:13400:7.7
“1151”on;65,0:2Jl:l.195:280:12900:7,5

t
:1’54:6”;62.7:21 :1.1g5:28f:13200:7.7

:1,195:27 :13550:7.9

2
i::?f;:::;2:::?07 :l,l~9:2g:1300:7 .95
:2’7.2” :5 .7:219:1.189:2 g:l 700:7.95
:2127.Gn:52.

z
?42:215:1.195:2 :1 000:~,1

i?
;211 ,011:2. :231:1.lg2:226:14100:&18
;214 w : 3.5:212 :1.195:205:14000:S.1

= 830 mm.Q.-s.
:1’57.4N:61,3:205:1!22s:29E%14750 :8.5
:lt5~n :61.1:219:1.228:278:14~oo:S.2

?
:2’11.6~:54.6:207:1.2 2:264 :15100:s.75
:2’24.611: 0,0:203:1.2 3:245:15300:6s$)

‘2’~”6n’27*5~2=5’1:245’222:12050:g”l:1’53.6”:63.5:201 :1.230:316:1 500:8. 2
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TA?LEV (Cent ..]

IIIVCL ENGINE lWl?H BLOt7ER.

1-
: Vacuum : Eefore the o . -

.-
;I@el consiurptionj

: : .

carburetor, :
.:

ohamber : :Brake ~Brake ~Temp-:
::

~Mean:
:Aiti-:Barom- :Dif- : Abs, : ~

: : :
: load: H.P,: era-:

:d%:.: : Air :OG:
: : eter :fer- :pres-:Temp-; n :

.
: :ture : : : :dens-: $s: A xk-

:

:
.

[ *
:
:

No, :

.
:
:
..

mm.
m. :0.-s.

~ 116 : 400 : 72g

117 : 400 : 72~
n~ : 400 : 728
119 : 400 : 72g
120 : 400 : 72~
m : 400 : 72Ei

122 : 400 : 732
12 : 400 : 732
1234 : 00 : 732
12

z
: 400 : 732
: 400 : 732

:$7 : 400 : 732
12S : 400 :732
129 : 400 : 732
130 : 400 :.732
131 : 400 : 732

; enoe :lm.re : era-: ;Of:
---

: ity :rj~: ,~+ :pre6-: :
:Of: :ture : : :cool- :: 2 kg,: ; :
:pre8-: .: : : :ed: o. . .

W@+:.:g y

;sure : : : :water: con- ; ig/ : :=%s~:
:mm. :mm. : :rpmf ! : : sumed-; k~ :H.P/
:Q.-s. ; Q.-s: ‘c. :min, : kg. : H, P.: ‘C. : ‘in .: hr; kg/m3~H, Plcmjkg~at

b = 720 IMU Q.-s,
:4 : 720 : +10 :1450: 172 : 250, : 60 :2’ 7,4”:56,5:226:1,181 :250:123Qo:7 ,1-5
“ -8.
: -6

: ;;: : i-8 :1350: 157 : 236 :
: + 7 :1150: 179 : 206 : ~~, :~:~~’~; jj~07:21~:lz~90 :236:12500:7,25

t
:21 :1.200 :205:12800j7.40

‘~ .47; ;214:1.206:221:12650:7. 5: -7 : 721 : + 5 :1250: 177 : 221 : 50 :2’

; :& ; $:
2

: + 5 :1050: 17~ : lq’ : 55 :2’~? 4,6!I;1.2:220 :1.209 :1g6:12730:7. 2
: + 5 ;1550: 172 : 267 .: 60 :2’ +64 :57.7 :z16:l.~97 :269:12300 :7.15

= 760 MM Q.-s.
: +2g : 760 : +17 :1450: 192 : 2~g : 52 :2! 3.41!:58 :209:l,21g:278:lfloo:7.95
: ;z& : 761 : +17 :1450: 192 : 26 :

i
56 :2’ 2,6 fi:5g.6:211:1,2Qo:2 8:13700:7.95

: 760 : +17 :1350: 195 : 2
d

i: 60- :2’15.3’: 3.1:202 :1,21g:2 :1 950:8,1
; ;+; : 761 : +17 :1250: 197 : 2 2: 59 :2’2 ;8”: $

2
z;:195:1,220:24 :1 100:g,l~

* 761 : +16 :1150: 197 : 227 : 5
:+29 ~ 761 : +15 :1050: 197 : 2~ ; # ;::’i;”;g:~;~;;;~ f;g:~3:~~;:g

~ ~~$ : 759 : +17 :1 50: 190 : 29
2: 780 :+22 :1 50: 200 : 290 :

r : 9’g:2M:1”230:2g2:1 ?W’g’i2;+qtl : $10 : +2g :1450: 20 : 297 :
2

3 &7~6v 1,2.206:1,250:279:14 oo:g, 5
: +165: g97 : +34 :1450: 22 : 325 : 5g :li 5711 :61.4:189:1.357:275:16000:9,25
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TAB!JE VI. .j.

‘”?YXVa ENGINE TEST” SHOWING DEPENDENCY OF POWER ON ~ TEMPERAW. ,&.4

: vjLou&& !aa :, :Puel consumption. ‘:

Teets ~AJ&-:Barom-:lJ
: :

: eter :fe’r- :pres-:Temp-~
:Temp-: : :

~Drakej Brake: era-:
:

.
: .

,
:

. ;ence :aure : era-: n : load: H,P, :tire :
.

, : : : Air
●. : :Of : : : : : :Of: ,
.

:
: :pres-; ,: . : :. :cool-: 2kg.; .: :clensity.

: : : : : : : : ted: , . .
.: : :watcr: Oon- j ~

.
. : ,;

* :rpm/ ~ j
:

No. : m.
:sumed:

&KMJ-S&&,”; Q%; ‘C, :mln, : kg, ~ OIJ, : in:HP. :kg/hr ;g/EP/ti-,; kg/m3

:777: 32- :1470: 193 :“280 : -
22

:21 4,011: @ : 2C)7 : 1.19

i: 65 :1450: Ig6 f

.:21 4,00: 5g : 211 : 1,13

:%%
158

:2’ 6.4II; 57 : 212
: 400 : 734 : 43 : 777 ; i32 :1450: 179 : 259 : ~y :2’ 6.0”: fl : 221 ; ;:;;








